Empirical evidence shows that conditional market betas vary substantially over time.
I. INTRODUCTION
A firm's decision to take on a new investment project depends on whether the discounted value of future payouts from the project exceeds the direct current investment cost. To this day, the standard textbook recommendation is to appeal to the CAPM to compute the cost of equity: The rate used to discount future cash-flows should be proportional to the excess return on the market portfolio, where the proportionality factor is the market beta. The task of estimating the cost of equity though is complicated because there is substantial empirical evidence showing that both the market premium and individual assets' betas fluctuate over time.
1 There are many theoretical explanations for the time series variation in the aggregate premium but the same cannot be said of fluctuations in betas. 2 Why and how do betas move?
How do they depend on the characteristics of the cash-flows that the firm promises to its investors? How do betas correlate with the aggregate premium? How do they correlate with investments in physical capital?
In this paper we answer these questions within a general equilibrium model where both the aggregate equity premium and the expected dividend growth of individual securities are time varying. We show that conditional betas depend on (a) the level of the aggregate premium itself; (b) the level of the firm's expected dividend growth; and (c) the firm's fundamental risk, that is, the one pertaining to the covariation of the firm's cash-flows with the aggregate economy. This characterization yields novel predictions for the time variation of conditional betas as well as their relation with investments in physical capital. Specifically, when the firm's cash-flow risk (c) is substantial, the model predicts that conditional betas should display a large time variation, that their cross sectional dispersion is high when the aggregate equity premium is low, and that capital investment growth should be positively related to changes in betas.
These predictions are met with considerable support in the data 1 On time-varying betas see Bollerslev, Engle, and Wooldridge (1988) , Braun, Nelson, and Sunier (1995) ,
To grasp intuitively the results in this paper, consider first an asset that has little cashflow risk, that is, an asset for which cash-flows have little correlation with the "ups and downs" of the economy, see (c) above. In this case, the risk-return trade-off is only determined by the timing of cash-flows, that is by the duration of the asset. As in the case of fixed income securities, the price of an asset that pays far in the future is more sensitive to fluctuations in the aggregate discount rate than an otherwise identical asset paying relatively more today.
Clearly, return volatility due to shocks to the aggregate discount rate is systematic. As a consequence, the asset is riskier and thus its beta is higher the longer its duration.
This intuition though does not hold if the asset has substantial cash-flow risk. Indeed, consider now the case of an asset whose cash-flow growth is highly correlated with the growth rate of the aggregate economy. Furthermore, assume as well that the asset has a low duration, that is, it pays relatively more today than in the future. In this case, the total value of this asset is mainly determined by the current level of cash-flows, rather those in the future. The price of the asset is then mostly driven by cash-flow shocks and the fundamental risk embedded in these cash-flows drives also the risk of the asset. Thus, when cash-flows display substantial fundamental risk, the conditional market beta is higher when the duration is lower. If instead the asset has high duration, current cash-flows matter less and the asset becomes less risky.
These findings highlight a tension between "discount effects" (high risk when the asset has a high duration) and "cash-flow risk effects" (high risk when the asset has low duration.)
This tension has deep implications for the behavior of the cross section of risk as a function of fluctuations in the aggregate equity premium. Assume first that cash-flow risk effects are negligible compared to discount effects. Then the cross sectional dispersion of conditional betas moves together with the aggregate equity premium: It is low (high) when the aggregate equity premium is low (high). Intuitively, when the aggregate equity premium is low, individual asset prices are determined by the average growth rate of its cash flows over the long run. Given some mean reversion in expected dividend growth -a necessary condition if no asset is to dominate the economy -this implies that the current level of expected dividend growth is not important in determining prices. In this case, assets' prices have similar sensitivities to changes in the stochastic discount factor and hence have similar market betas as well. Thus when the equity premium is low so is the dispersion in betas. Instead, when the market premium is high, differences in current expected dividend growth matter more in determining the differences in value of the asset. This results in a wide dispersion of price sensitivity to changes in the stochastic discount factor and hence more dispersed betas.
In contrast if cash-flow risk is a key determinant of the dynamics of conditional betas low discount rates lead to an increase in the dispersion of betas. Assets with high cash-flow risk have a component of their systematic volatility that is rather insensitive to changes in the discount rate. However, since a low aggregate discount rate (i.e. good times) tends to yield a low volatility of the market portfolio itself, the relative risk of the individual asset with high cash-flow risk increases, and therefore so does its beta.
Finally we link the fluctuations in market betas to fluctuations in investment. To do so
we propose a simple model of firm investment behavior where the standard textbook NPV rule holds. According to this rule, investments occur whenever market valuations are high, which happens when the aggregate risk premium is low, or when the industry is paying relatively high dividends compared to the future, or both. The relation between investment growth and changes in betas is now clear. If cash flow risk is negligible, a decrease in the aggregate equity premium or an increase in current dividend payouts result in a lower conditional beta, as already discussed. Thus a negative relation between changes in betas and investment growth obtains. Instead, when cash-flow risk dominates the risk return trade-off of the asset, there is a positive relation between changes in betas and investment growth. The reason is that now the beta of a low duration asset increases as the aggregate discount decreases.
These observations produce simple empirical tests to gauge the size of discount effects relative to cash-flow effects in determining the dynamics of conditional betas. Empirically, we find that the dispersion of industry conditional betas is high when the market price dividend ratio is high, which in turn occurs when the aggregate market premium is low (e.g. Campbell and Shiller (1989) ), confirming that cross sectional differences in cash-flow risk must be large.
Similarly, we find that investments growth is higher for industries that experienced increases in their market betas, as well as declines in their expected dividend growth, consistently again with the model and the presence of a significant cross sectional differences in cash-flow risk.
Monte Carlo simulations of our theoretical model yield the same conclusion: When cashflow risk is small and only discount effects matter, the model-implied conditional betas show little variation over time, unlike what is observed in the data. In contrast, when we allow for substantial cash-flow risk our simulations produce fluctuations in conditional betas and investment growth that match well their empirical counterparts.
We obtain our results within the convenient general equilibrium model of Menzly, Santos
and Veronesi (2004) -henceforth MSV. This paper, however, differs substantially from MSV, which focused exclusively on the time series predictability of dividend growth and stock returns for both the market and individual portfolios. The present paper is instead concerned with the equilibrium dynamic properties of the conditional risk embedded in individual securities, a key variable for the computation of the cost of equity and thus for the decisions to raise capital for new investments. As discussed, we fully characterize conditional betas as a function of fundamentals and the aggregate market premium, and obtain numerous novel predictions about their dynamics and their relation to investments in physical capital. This paper is also related to Campbell and Mei (1993 ), Vuolteenaho (2002 ), and Campbell and Vuolteenaho (2002 , who also investigate the relative importance of shocks to cash flows and shocks to the aggregate discount in determining the cross-section of stock returns and market betas. These papers though focus on unconditional betas while we emphasize the dynamic aspect of betas.
This paper relates as well to the recent literature on the ability of the conditional CAPM to address the asset pricing puzzles in the cross section. 3 Typically, researchers assume ad-hoc formulations of betas and, in addition, little effort is taken to quantify the magnitude of the variation in betas needed to resolve the puzzles. 4 In contrast, in this paper we obtain the market betas within an equilibrium model that successfully reproduces the variation of the aggregate risk premium, as well as the variation in expected dividend growth of individual assets. Our characterization of betas allows us to quantify the magnitude of their variation at the industry level and yields several interesting insights about expected returns: For instance, it is not surprising that industry portfolios have little differences in unconditional expected returns, notwithstanding large differences in conditional betas. In fact, consistently with the model, our empirical results show that the dispersion of betas is high when the aggregate equity premium is low, and viceversa, which imply a little dispersion in expected returns in average.
The paper develops as follows. Section II contains a brief summary of the MSV model.
Section III contains the theoretical results. In Section IV we propose a simple model of investment and link the fluctuations in betas to changes in investments. Section V offers empirical tests as well as simulations of the many implications of the model. Section VI concludes. All proofs are contained in the Appendix.
3 See e.g. Jagannathan and Wang (1996) , Lettau and Ludvigson (2001b) , Santos and Veronesi (2001) , Franzoni (2001) . 4 Lewellen and Nagel (2003) is a noteworthy exception.
II. THE MODEL

II.A Preferences
There is a representative investor who maximizes
where X t denotes an external habit level and ρ denotes the subjective discount rate. 5 In this framework, as advanced by Campbell and Cochrane (1999) , the fundamental state variable driving the attitudes towards risk is the surplus consumption ratio,
Movements of this surplus produce fluctuations of the local curvature of the utility function,
which translate into the corresponding variation on the prices and returns of financial assets. MSV assume that the inverse of the surplus consumption ratio, or inverse surplus for short, Y t , follows a mean reverting process, perfectly negatively correlated with innovations in consumption growth
where λ ≥ 1 is a lower bound for the inverse surplus, and an upper bound for the surplus itself, Y > λ is the long run mean of the inverse surplus and k is the speed of the mean reversion.
Here c t = log (C t ) and we assume that it can be well approximated by the process:
where µ c is the mean consumption growth, possibly time varying, σ c > 0 is a scalar, and B 1 t is a standard Brownian motion. Given (3) and (4) then, we assume that the parameter α in (3) is positive (α > 0), so that a negative innovation in consumption growth, for example, results in an increase in the inverse surplus, or, equivalently, a decrease in the surplus level, capturing the intuition that the consumption level C t moves further away from a slow moving habit X t .
6
5 On habit persistence and asset pricing see Sundaresan (1989) , Constantinides (1990) , Abel (1990), Ferson and Constantinides (1991) , Detemple and Zapatero (1991) , Daniel and Marshall (1997 ), Campbell and Cochrane (1999 ), Li (2001 ), and Wachter (2000 . These papers though only deal with the time series properties of the market portfolio and have no implications for the risk and return properties of individual securities.
6 MSV show that α ≤ α (λ) = (2λ − 1) + 2 λ (λ − 1) is needed in order to ensure that covt (dCt, dXt) > 0 for all St, as economic intuition would have it.
II.B The cash-flow model
There are n risky financial assets paying a dividend rate,
, in units of a homogeneous and perishable consumption good. Agents total income is made up of these n cash-flows, plus other proceeds such as labor income and government transfers. Denoting by D 0 t the aggregate income flow that is not financial in nature, standard equilibrium restrictions require
Define the share of consumption that each asset produces,
Then MSV assume that s i t evolves according to a mean reverting process of the form
In ( 
is a N dimensional row vector of volatilities, with v i for i = 0, 1, · · ·, n a row vector of constants with N ≤ n + 1.
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The share process described in (6) has a number of reasonable properties. First, the functional form of the volatility term (7) arises for any homoskedastic dividend growth model.
That is, denoting by δ
is consistent with any model of the form, dδ
as it is immediate to verify by applying Ito's Lemma to the quantity
. Second, the assumption that the share s i t is mean reverting ensures that no asset will ever dominate the whole economy, as it appears ex-ante reasonable. Third, under the conditions n i=1 s i < 1 and φ i > n j=1 s j φ j , dividends are positive and total income equals total consumption at all times.
In this framework the relative share, s i /s i t , stands as a proxy for the asset's duration. When the relative share is high (low) the assets pays relatively more (less) as a fraction of total consumption in the future than it does presently and then we say that the asset has a high (low) duration. Clearly, high duration assets are also those that experience high dividend growth. Indeed, an application of Ito's Lemma to δ 
and σ c = (σ c , 0, ..., 0). 8 Notice that the volatility of the share process, σ i (s t ) , is parametrically indeterminate, that is, adding a constant vector to all v i 's leaves the share processes unaltered.
A convenient parametrization is then to rescale the vector of constants v i 's, for i = 0, 1, ..., n so that
Finally the model offers a simple characterization of the fundamental measure of an asset's risk, the covariation of the growth rate of its cash-flows with consumption growth,
where
The normalization in (10) implies that the unconditionally E cov t dδ 
III. CONDITIONAL BETAS
III.A Preliminaries
In the absence of any frictions the price of asset i is given by:
Notice that for the total wealth portfolio, the claim to total consumption, s i τ = 1 for all τ . In this case a complete characterization of the price and return process is possible and they are given by
8 MSV find substantial empirical support for both the fact that dividends and consumption are cointegrated, and that the relative share s i /s i t predicts future dividend growth, as (8) implies. 9 1 + θ i CF /σ 2 c can then be taken to be the unconditional cash-flow beta of asset i, the covariance of dividend growth with consumption growth divided by the variance of consumption growth.
Equation (13) shows that price of the total wealth portfolio is increasing in the surplus consumption ratio. Roughly, if the surplus consumption ratio is high the degree of risk aversion is low and thus the high price of the total wealth portfolio. As for µ T W R (S t ) and σ T W R (S t ) they are both decreasing in S t for high values of S t , as the intuition would have it. However, they are increasing in S t for very low values of S t . The reason is that since S t ∈ (0, 1/λ) , the volatility of S t must vanish as S t → 0. This translates in a lower volatility of returns, and, hence, in a decrease in expected returns as well.
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As for individual securities, assume first that their prices can be written as:
Equation (16) Proposition 1: Let the price function be given by (16). Then, (a) the process for returns is given by
where the loadings to the systematic and idiosyncratic shocks are, respectively,
and σ i 1 (s t ) and σ i j (s t ) are given in (7) and σ S (S t ) = α (1 − λS t ) is the time varying component of the volatility of the surplus consumption ratio dS t /S t . (b) The CAPM beta with respect to the total wealth portfolio can be written as,
Consider first part (a) of the proposition. As it intuitively follows from (16), consumption shocks, dB 1 t , affect returns through three channels: (i ) the impact on the dividend of the asset
(ii ) the impact on the surplus consumption ratio S t , which only loads on dB 1 t ; and (iii ) the impact on the share s i t , that is, the relative share s i /s i t . Part (b) of Proposition 2 now follows naturally from part (a). The CAPM beta has two components to it. The first one captures the component of the covariance that is driven by shocks to the discount factor, and, logically, we refer to it as the "discount beta." It depends on the sensitivity of the price of the asset to shocks in the surplus consumption ratio,
If this elasticity is higher than that of the total wealth portfolio,
, the asset is riskier on this account than the total wealth portfolio and thus it has a higher discount beta.
The second component of the return beta is driven by asset's cash-flow shocks and for this reason we refer to it as the "cash-flow beta." It depends on the elasticity of prices to shocks in shares, 
where we recall that θ i CF is the parameter that regulates the unconditional covariance between consumption growth and dividend growth, as defined in (11). This component then is driven by the covariance of the cash-flows of asset i with consumption, and hence with the stochastic discount factor. 11
11 Campbell and Vuolteenaho (2002) refer to the "cash flow beta" as bad beta and the discount beta as "good."
Our terminology is closer to that of Campbell and Mei (1996) The results in Proposition 1 are generic. They rest on assuming that the price dividend ratio can be written as in (16). We show next that this is indeed the case for the two polar cases where either cash-flow effects or discount effects are assumed away. For the general case we show that equation (16) is a very accurate approximation so that the intuitions built in Proposition 1 remain.
III.B The discount beta
To asses the impact of the variation in the discount factor on the cross section of stock prices and returns, we shut down the cross sectional differences in unconditional cash-flow risk, that is, we set θ i CF = 0 for all i = 1, .., n in (11). The next proposition characterizes prices and betas in this case. Part (a) is shown in MSV, and it is reported for completeness: Proposition 2. Let θ i CF = 0 for all i = 1, .., n. Then, (a) the price dividend ratio of asset i, is given by
(b) The CAPM beta is given by
where f (·) is such that f < 0 and f (1) = 1 and it is given explicitly by equation (37) in the Appendix.
Equation (23) 12 To gain some intuition it is useful to turn to Panel A of Figure 1 , where we plot the beta as a function of S t and s i /s i t . First, during booms, when S t is high, the aggregate equity premium is low and thus the prices of all assets are mainly driven by the expected dividends in the far future. Mean reversion in expected dividend growth then implies that the variation in the aggregate discount rate has a similar impact on the prices of the different assets, and thus that they all have similar risk: All betas are close to each other and around 1. In contrast, when S t is low and the aggregate discount rate is high, agents discount future dividends considerably, and thus the level of current dividend growth matters more. In this case then, whether the asset has high or low duration is a key determinant of its riskiness and this yields a high cross sectional dispersion of betas when S t is low and the aggregate premium is high.
III.C The cash-flow beta
How do cross sectional differences in unconditional cash-flow risk affect the main conclusions obtained in the previous section? In order to obtain sharp implications about cash-flow risk in the context of our cash-flow model (6), we focus in this section on the case with no discount effects, and leave for the next section the more general case. To shut down discount effects, we must ensure that X t = 0 for all t, and thus we assume α = 0 and
We then obtain the standard log utility representation with multiple assets. The next proposition characterizes the prices and returns of individual securities in this case. Again, part (a) is shown in MSV. (a) The price dividend ratio of asset i, is given by
Equation (25) shows that, as before, the price dividend ratio is increasing in s i /s i t . Part (b) of Proposition 4 provides the CAPM beta with respect to the total wealth portfolio, which is the specialization of the cash-flow beta in equation (21) 
III.D Betas in the general case
The general model, where the cash-flow and discount effects are combined, is more complex than either one of the cases discussed so far. For this reason, an exact closed form solution for prices and the corresponding CAPM representation is not available. However, there is a very accurate analytical approximate solution of the same form as (16), where the nature of the approximation is contained in the Appendix of MSV. As in equations (23) and (25), we find
where Φ i j (S t ), j = 1, 2, are linear functions of S t given explicitly in (34) and (35), respectively. The important additional feature of this pricing formula is that it now depends on the parameter θ i CF , that is, the parameter defined in equation (11) that regulates the long-term unconditional cash-flow risk. Generically speaking, a high θ i CF tends to decrease the price of the asset. (27), we can apply the general result in Proposition 2 (b), and thus obtain the beta representation (19). The formulas are explicitly given in (36) and (38) (24), with the only additional feature that a high unconditional cash-flow risk θ i CF is associated with a higher discount beta.
The most interesting effect of the general model, instead, pertains to the cash-flow beta CF > 0 (see discussion in Section III.C). In addition, however, it now depends also on the surplus consumption ratio S t .
That is, how important cash-flow risk is also depends on the aggregate state of the economy.
Panels B and C of Figure 1 i t tends to display a higher relative cross sectional dispersion during good times, that is, when S t is high. Intuitively, as we discussed in Proposition 4 (b), a low duration asset with a positive unconditional cash-flow risk θ i CF > 0 tends to have a high beta, as its price is mainly determined by current dividends rather than the future ones. This component of the systematic volatility of the asset price is relatively insensitive to the fluctuations in the discount rate, as it stems from cash-flow fluctuations. However, during good times the volatility of the total wealth portfolio is lower than in bad times, as shown in equation (15). Thus, the low duration asset tends to become relatively riskier -compared to the total wealth portfolioduring good times, that is, when S t is high. A similar argument holds for θ i CF < 0, although in this case the source of the difference stems from the hedging properties of the asset. In this case, we obtain that the cash-flow beta, which is negative, is lower when S t is high when assets have low duration. In summary, independently of whether θ i CF is positive or negative the cross sectional dispersion of cash-flow betas increases when the aggregate premium decreases. 13 We make use of the normalization (10) and thus set Σ 
IV. CONDITIONAL BETAS AND INVESTMENTS
The cost of equity is a key determinant of the firm's decision to invest. To address the relation between investment decisions and time-varying betas we propose next a simple model of the firm's investment behavior. In this section, we interpret the n risky assets introduced in Section II as industries, and the betas derived in Section III as industry portfolio betas.
We then link the investment decisions of a small firm with its corresponding industry beta, a relation that is taken to the data in the empirical section. MSV indeed show that the cash-flow model (6) offers a reasonable description of the cash-flows associated with industry portfolios.
IV.A A simple model of investment
Consider a small firm in industry i faced with the decision of whether to undertake an investment project at time t. We assume this project can only be undertaken at time t, as it vanishes afterwards, has a fixed scale, and requires an exogenous initial investment amount I t .
We also assume that projects arrive independently of the firm's previous investment decisions. 14 All these assumptions imply that the textbook NPV rule holds and the firm chooses to invest by simply comparing the value of the discounted cash flows to the investment needed to attain them, I t . If the investment does take place, the project produces a continuum random cash flow CF τ up to some random time t + T , where T is a random variable exponentially distributed with parameter p > 0. We assume that the cash flow process is given by
where a is a constant. Here D i τ is the aggregate dividend of industry i and ε τ is an idiosyncratic component that follows a mean reverting process
where dB t is uncorrelated with the Brownian motions introduced in Section II. This setting ensures that the cash flows produced by the new investment inherits the cash-flow risk characteristics of industry i, although the idiosyncratic component may drift these cash flow far away from the industry mean.
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The discounted value of the project's cash-flows, V t , is now easy to calculate. Assuming that investors are well diversified the value of the project at time t is
and investment occurs according to the textbook NPV rule, that is, if V t > I t .
To understand the relation between betas and investments, it is convenient to rewrite (28), the value of the specific project at hand, 16 in the more familiar form (see Appendix):
where r τ is the risk free rate at τ , µ T W τ is the expected excess return on the total wealth portfolio, and
is the beta with respect to the total wealth portfolio. Equation (43) in the Appendix shows that β τ has a representation similar to the one in (19).
It is clear now that even when the standard positive NPV rule applies and the conditional CAPM holds, as they do in this simple framework, the prescription of computing separately the cost of capital and expected future cash flows is misleading as
Even when the expected excess returns on the market portfolio µ (2004) also emphasize that the cost of capital cannot be computed separately from the expected cash-flows in a setting where the beta dynamics are assumed exogenously.
Given that the decision to invest has to be taken before ε t is known and that E [ε t ] = 1, the Appendix shows that NPV rule is given by
where Φ V S t , s i /s i t is as in (27) but where the parameter ρ is substituted for ρ + p. That is, investments occur when prices are high, which occur when either the surplus consumption ratio S t is high, D i t is high or s i /s i t is high. In our setting, however, (27), and assuming that the size of investment grows with the economy, I t = bC t , we find that investment occurs whenever
where (34) and (35) in the Appendix with the only exception that ρ is substituted for ρ + p, as already mentioned. The implications for the firm's investment rule are now clear and intuitive. Given that Φ V 0 (S t ) and Φ V 1 (S t ) are positive, increasing functions of S t , investments occur when the surplus consumption ratio, S t , is high, that is whenever the aggregate premium is low. 18 It also occurs whenever s i t /s i is high, that is, when the industry expected dividend growth is low. The reason is that an industry with high dividend today relative to those in the future is one with high valuations as well, as measured for instance by the price consumption ratio.
IV.B Changes in betas and changes in investments
Equation (31) offers a complete characterization of the firm' investment policy. Our purpose next is to link this behavior to the variation in betas. After all, cross sectional differences in the discount can only arise due to cross sectional differences in betas. Here turning to Figure 1 is helpful to offer intuitive predictions about the relation between investments and betas. The question is whether β is high when prices are high, or, to put it differently, whether β increases or decreases when prices increase, since the decision to invest is related to changes in prices that push V N t above I * . The classical CAPM setting would intuitively suggest that a high beta implies a high cost of capital, and thus lower prices discouraging the firm to invest.
The endogenous time variation in betas offers a more subtle picture of the cross sectional differences in the cost of equity firms may face depending on the industry they belong to.
Assume first that there are no cash flow effects (θ CF = 0) so that β t = β DISC (.), which is plotted in the top panel in Figure 1 . Equation (31) shows that investment occurs when the surplus consumption ratio S t is high or the relative share s i /s i t is low. As shown in the top panel of Figure 1 , the combination of a high S t and a low s i /s i t results in a low discount beta. Thus, if discount effects dominate the risk-return characteristics of projects, investment occurs when betas decrease.
The opposite conclusion obtains in the presence of substantial cash-flow risk. In this case, the total beta is the sum of the discount beta and the cash flow beta. Consider first the case where θ CF > 0 (the middle panel in Figure 1 .) The cash-flow beta is high whenever the surplus consumption ratio S t is high or the relative share s i /s i t is low, the conditions that lead to higher investment according to (31). In addition, a positive θ CF implies that, on average, an increase in the surplus S t is correlated with an increase in the share s i t and thus negatively correlated with the relative share s i /s i t . Thus, on average, the cash-flow beta of assets with a high θ CF > 0 moves along the ray of low surplus−high duration to high surplus−low duration. This implies that if θ CF is positive and sufficiently large, a positive relation between investment growth and change in betas should occur.
The case where θ CF < 0, plotted in the bottom panel of Figure 1 , leads to the same conclusion, although the intuition is slightly more involved. First of all, a negative θ CF < 0 implies on average cash-flow betas move along the ray of low surplus−low duration area to the high surplus−high duration. Moreover β CF is increasing along this diagonal. Since the effect of changes in S t on prices is intuitively the most important one -all prices are high in good times -it follows that, on average, a positive relation between investment growth and the cash-flow beta obtains as well.
V. EMPIRICAL ANALYSIS V.A Data
Our data and estimation of parameters can be found in MSV. Briefly, quarterly dividends, we interpolate the consumption data to obtain quarterly quantities. We focus our empirical exercises on a set of twenty value-weighted industry portfolios for which summary statistics are provided in Table AI . There are two reasons to focus on this set of portfolios: The first is that they enable us to obtain relatively smooth cash-flow data that are a-priory consistent with the underlying model for cash-flows put forward in this paper (equation (6) Finally, Table I reports the estimates of the parameters used for the simulations below. These parameters are as in MSV and the reader is referred to Appendix B in that paper for details.
Estimation of θ i CF
As repeatedly emphasized, θ i CF is the key parameter in evaluating many of the asset pricing implications of the model. We estimate this parameter using two alternative procedures.
Our first estimate relies exclusively on cash-flow data. Specifically we make use of expressions (11) and (10) Table I 
To make sure that the system is not underidentified we assume, for simplicity, that the vector of constants governing the diffusion component of the share process (see expression (6)) is such that
where the only non-zero element besides θ i CF /σ c , the systematic component, occurs in entry i + 1.
The results of the estimation are contained in Table I under the heading θ i CF −Return. As can be readily noted, there is a remarkable difference in the estimates across these two alternative procedures. First notice that the estimates in, absolute terms, are off by a factor of ten! Estimating θ i CF using returns emphasizes the point that resorting only to cash-flow data may seriously underestimate the amount of cash-flow risk present in the data. Second, notice as well that many of the estimates flip signs, and whereas negative signs dominate when only cash-flow data is used, positive ones do when returns data is used.
V.B Can the model generate substantial variation in betas?
Fama and French (1997) provide a simple estimator of the time variation in betas: Under the assumption that the sampling error associated with the market betas is uncorrelated with the true value of the beta, the variance of the rolling regression beta is the sum of the variance of the true market beta and the variance of the estimation error, or in symbols,
where β t rolling-regress.
is the estimated rolling regression beta, β t stands for the true beta and ε t is the estimation error. Table II report the standard deviation of the betas in our model in 40,000 quarters of artificial data.
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The column under the heading "θ 20 Clearly, when the variance of the true beta is estimated as the difference of the variance of the rolling regression beta and the variance of the estimation error there is no guarantee that the variance of the true beta is greater than zero. In this case we follow Fama and French (1997) and set the variance equal to 0. This occurs in our sample for only two industries, Electrical Equipment and Manufacturing.
The results are rather different when we estimate the cash-flow parameters using returns data, as described in the previous section. These results are reported in the column under the heading "θ i CF −Returns." In this case the average standard deviation is given by .10, which is close to the average standard deviation obtained through the Fama and French (1997) procedure, see equation (32) above, which was .14. Also notice that in the case of θ i CF −Cashflow only one industry out of twenty had a standard deviation of beta above .10, Primary Metals. Now the number has increased up to ten. For instance, the model can generate a substantial variation in the betas of Primary Metals, Utilities and Food, which also had a large variation in the betas as estimated by Fama and French (1997) . There are clearly some shortcomings as, for example, Electrical Equipment where the data suggests a very low variation in the market loading whereas the model attributes a standard deviation .22.
However, small sample accounts for a large part of these differences. In fact, Figure II reports the results of a different simulation exercise: we obtain 1,000 samples of artificial data, each 54 years long. On each sample we estimate the standard deviation of beta as described in (32).
The top panel in Figure II reports the 95% simulation bands of σ(β t ) (solid lines) along with the point estimates in the data (stars) for the case where θ i CF is estimated using cash flows. The bottom panel reports the same quantities for the case where θ i CF is estimated using stock returns. In this latter case, it is indeed the case that the majority of point estimates of σ(β t ) from the data (stars) fall in the simulated bands (thirteen out of twenty). When θ i CF is instead estimated from cash flow data, the empirical estimate of σ(β t ) fall in the bands for only five industries, a result that is in line with those reported in Table II. In summary then, the estimate of θ i CF turns out to have a rather substantial impact on the behavior of the conditional beta, not only the unconditional one, as one may suppose at first. The reason is that the duration effect associated with cash-flow risk, the fact that assets with high cash-flow risk have higher risk the shorter their duration, is a key determinant of risk. But if this is the case, this observation has strong implications for the time series behavior of the cross sectional dispersion of risk over time, to which we now turn.
V.C The cross sectional dispersion of betas
We now investigate the time series properties of the cross sectional dispersion of betas.
We run the following time series regressions
where R i t+1 and R M t+1 are the excess return on industry i and the market between t and t + 1, Table III. Panel A of Table III shows that for both samples, 1927 -2001 and 1947 -2001 the dispersion of betas is significantly higher when the aggregate equity premium is low, with the exception of the long sample when the surplus consumption ratio is used a sorting variable, in which case the difference is not statistically significant. In particular, there is no evidence that dispersion of betas is higher during bad times.
These findings have a clear interpretation in light of our model. Essentially, cash-flow effects have to be strong in order to undo the positive relation between the cross sectional dispersion of betas and the aggregate equity premium that discount betas induce (see Corollary 3). That is, these findings can be explained by either a strong time variation in the crosssectional dispersion of expected dividend growth, proxied by STD CS s i /s i t , and/or substantial unconditional cash-flow risk θ i CF = 0. Indeed, the effect of the time variation in s i /s i t can also be seen in the last line of Panel A, where it shows that the dispersion of betas is higher when also the dispersion of relative shares is high, especially in the postwar period.
To disentangle the effects of the dynamics of the dispersion of relative shares STD CS s i /s i t from the unconditional cash-flow risk, we decompose in Panel B of Table III Table III reports the results for the case where Up and Down periods are defined either with the log price dividend ratio of the market or the surplus consumption ratio.
There is a strong difference in the dispersion of market betas between the Up-High period and and 1947-2001 sample respectively, while it is less than half those numbers during the Do-Low period. The second finding is that even after controlling for the dispersion of relative shares, Up periods are characterized by a higher dispersion of betas than Down periods. The only exception to this is again in the full sample when the surplus consumption ratio is our proxy for the aggregate state of the economy and the cross sectional dispersion of relative shares is high. However, the difference is again not statistically significant.
These results are also important because they help to bring together two statements that may seem difficult to reconcile at first. On the one hand the cross sectional dispersion of unconditional returns in our set of industry portfolio is low whereas as Fama and French (1997) demonstrate, and the results in Section V.B confirm, there is considerable variation in the loadings on the market portfolio. Table III shows why: The main cross sectional variation in betas occurs during good times, that is periods when aggregate expected returns are low.
But this implies that when beta are dispersed, they are multiplied by a low aggregate market premium, and thus the dispersion of industry average returns is low. In contrast, when the dispersion of betas is low, the aggregate expected excess return is high, and thus the variation in conditional expected returns of industry portfolio is still low. Unconditionally, then, we should observe relatively little cross sectional dispersion in average returns, precisely what we see in the data for the set of industry portfolios.
To summarize, the evidence in Table II and III supports the view that cash flow effects have to be relatively strong to induce both a substantial variation in the market betas and, in addition, generate a dispersion in betas that is inversely related to the aggregate market premium. 22 22 Our empirical results are robust to alternative methodologies and sample periods: for instance, we also
V.C.1 Simulations
We now turn to our artificial data to verify whether the model can reproduce the magnitudes of the empirical results in Table III. Table IV 
V.D Conditional Betas and Investments
The negative relation between the cross sectional dispersion of betas and the aggregate equity premium established in Section V.C confirms that the cash-flow component of market betas dominates the risk-return trade-off. As Section IV shows this also implies that changes in beta should be positively correlated with changes in investments. To test this proposition Tables V and VI (2000)). Panels A, B and C report the results when industry investment is measured as industry total investments, or as the value or equal weighted average investment, respectively, as defined in Section V.A. Table V does not include year dummies whereas Table VI does in order to control for market wide factors. Finally t−statistics are computed using robust standard errors clustered by year.
Start with Line 1 of Table V across the three different Panels, which only includes contemporaneous and lagged changes in prices. Lagged changes in prices are always positive and statistically significant at the 5% level independently of the definition of investment growth used. Instead contemporaneous changes in prices are never significant. These results are consistent with previous literature (see e.g. Barro (1990) and Lamont (2000)).
23 As for the changes in the relative share (Line 2) notice that this variable always enter with the negative sign, as predicted by the model, but it is only strongly significant when investments are measured as total investments. Instead it is not significant at the 5% when investment is measured as equally or value weighted average investment.
Lines 3 and 4 test the proposition that if cash-flow risk is determinant in the risk return trade-off of assets prices, a positive correlation should obtain between contemporaneous changes in betas and investment growth. We estimate β i t of industry i at time t by using a rolling regression of industry i returns in excess of the one month t-bill rate on the market portfolio excess return for the 24 months preceding t. 24 Recall that when cash-flow effects are 23 To follow standard practice in the investment literature we also ran the panel regression using changes in market-to-book as our measure of changes in valuation and find, consistent with the unsatisfactory performance of q−models, much weaker results for M/B. The results regarding betas where instead very similar. 24 The results in Tables V and VI are robust to alternative definitions of beta. For instance, we find that the alternative timing convention where β t is estimated using a rolling regression in the 24 months around t, rather than preceeding t, yields in fact stronger results. Similarly, since it can be argued that the relevant beta for a firm's investment decision is the asset beta rather than the levered equity beta, we also run the panel regressions by using the standard correction β asset,t = Et/(Lt + Et)β equity,t ,where Et is total industry equity and Lt is total industry debt. Again, the results are very similar and typically stronger, since Et/(Lt + Et) tends to be high in good times. These results are available upon request.
strong, betas should correlate negatively with the aggregate premium. As discussed in Sections III and IV, prices (and valuations) increase as the aggregate premium falls and thus so does investment. As a consequence, in the presence of strong cash-flow risk, a positive relation between investment growth and betas results. This implication is met with considerable support in the data across the different specifications. The coefficient has always the sign predicted by theory and it is statistically significant throughout. Lagged values of changes in betas are also significant. This result confirms the evidence presented in section V.C concerning the importance of cash-flow effects in determining the risk-return characteristics of asset prices.
Finally, Table VI redoes the exercise in Table V but now year dummies are added to remove period specific effects. Briefly, notice that now lagged changes in valuations are no longer significant whereas the contemporaneous changes in betas are still significant throughout all different specifications. As for changes in the relative share, as before, they are only significant when investment growth is measured as total investments.
V.D.1 Simulations
To gauge the magnitude of the cash-flow effects, we reproduce in Table VII the results of panel regressions equivalent to those in Tables V and VI but now in artificial data. According to the model, investments occur when the industry price consumption ratio is above a cut off, which we assume to be equal to the long term average price consumption ratio. The cost of each investment project is assumed to be proportional to consumption. The normalized investment rate in a given quarter is then just simply a constant. We aggregate quarterly investments to annual to have comparable figures to those of Table V Table V . The sign of the coefficient on ∆ P i t /C t /P C is positive and close in magnitude to the corresponding one on the lagged coefficient in the empirical data, especially for the case where the cash-flow risk parameter θ i CF is calibrated using returns (Panel A.2) . Recall that from Section V.B and V.C, this calibration is also the most effective to match the magnitude of the time variation in asset betas. As for the changes in the relative share s i /s i t , they are negative, as expected, but their magnitude is smaller in absolute value than the corresponding empirical estimates in Table V . Still, in most cases the estimates in Table V are imprecise and thus the numbers are not statistically different from each other.
As for the impact of changes in betas ∆β i t , when the θ i CF is measured using cash-flows alone (Panel A.1) the sign of the mean and median estimates of the coefficient is negative, which is consistent with the fact that discount effects dominate the risk return trade-off. When 
VI. CONCLUSIONS
Betas, the classic measure of an asset's risk, is a fundamental input in any valuation problem, whether it be an investment project or a financial asset. This paper is concerned with the determinants of this fundamental measure of risk, a challenging problem given that there is substantial evidence that these betas fluctuate over time. This paper uses a general equilibrium asset pricing model to show that conditional betas depend on the level of the aggregate premium itself; the level of the firm's expected dividend growth; and the firm's fundamental risk, that is, the one pertaining to the covariation of the firm's cash-flows with the aggregate economy.
We investigate the interaction between these three elements by decomposing the conditional beta into a discount beta and a cash-flow beta. The first reflects the sensitivity of prices to shocks in the aggregate discount whereas the second captures the sensitivity of the price to shocks to cash flows. We show that the time series properties of the cross section of betas is driven by whether the discount beta or the cash-flow beta is a more important determinant of the overall conditional beta. In particular, if the cash-flow beta dominates the risk-return trade-off we show that the cross sectional dispersion of betas correlates negatively with the aggregate discount. Moreover, we show that strong cash-flow effects are needed to match the observed time series variation in betas. We also propose a model of firm behavior that links investment decisions to changes in betas and find that, in the presence of strong cash-flow effects, changes in investments should correlate positively with changes in betas.
Our empirical exercises reveal the consistent pattern that cash-flow risk must play a dominant role in shaping the conditional risk-return characteristics of asset prices. Indeed, we find substantial evidence that industry market betas display a large time variation, that their cross-sectional dispersion is high when the aggregate equity premium is low and, finally, that investment growth in physical capital is high when market betas increase. The magnitudes of these empirical facts can only be explained in our model when industries are characterized by cross-sectional differences in cash flow risk, and the aggregate equity premium is time varying.
An important message of this paper then is that the properties of the underlying cashflow process, both the asset's duration as well as the covariation of the asset's cash-flow with the aggregate state of the economy, are key if one is to understand the role of conditioning information in asset pricing tests. For instance, one way researchers typically capture conditioning information is by instrumenting betas with observable state variables. Differences on how assets' betas load on these state variables can only be due to differences in their cash-flow processes. Thus, for example, the way the conditional cross section of returns varies with the relevant conditioning variables depends on the cash-flow properties of the set of test portfolios. 
APPENDIX (A) The Approximate Pricing Functions and Betas
(I) The approximate pricing formula is given by
It is easy to see that if Y = 1 = St = λ and α = 0, the formula (33) The derivation below also shows that in these cases the approximation is in fact exact. (II) The betas corresponding to (33) are as follows: 
which, in turn, has f (1) = 1.
(b) The Cash-Flow Beta is given by
In addition,
(B) Proofs
In this appendix, define for convenience vY = −ασc. The inverse surplus process can be rewritten as
By Ito's Lemma, the process for surplus St = 1/Yt is then
Since the diffusion part can be written as (17) follows. As for part (b), the price of the total wealth portfolio is P
T W t
= CtΨ
T W (St). A similar derivation as above implies that we can write σ
Since the total wealth portfolio is perfectly correlated with the stochastic discount factor, a beta representation exists for the expected returns of individual securities (see e.g. Duffie (1996, page 229)). Thus,
Since by definition σc = (σc,1, 0..., 0), we find
Substitution yield equations (20) and (21). 
Proof of Proposition
where a little algebra shows that given
Thus, we can write 
which yields the condition. (ii) is immediate, as 
and thus
Notice that G (S) > 0 if and only if
. We can then write
Thus, formula (38) follows. Finally,
is such that H (S) > 0 if and only if 0 < −ρ + kY (St) 2 λ + ρ2Stλ. Since the two roots of the equation
we find the condition 
A proof identical to the one in the Appendix of MSV then shows that for every t after the investment takes place, Vt has the approximate solution (27), but where the parameter ρ is substituted for ρ + p and ρ + p + kε, respectively. At the time of the investment, however, εt is not known, and thus the value equals the unconditional expectation of (42). Since unconditionally E[εt] = 1 we obtain (30).
Finally, since εt is idiosyncratic, its variation does not command a premium, and thus a similar proof as in Proposition 1 shows that for every t after the investment takes place:
where the formulas for β DISC and β CF are given in (20) Santos, and Veronesi (2003) with the only exception of the estimate of θ i CF obtained using returns data, which is under the heading "Returns". Panel A: Annualized preference and consumption process parameters chosen to calibrate the mean average excess returns, the average price consumption ratio, the average risk free rate and its volatility, and the Sharpe ratio of the market portfolio. Panel B: Expected excess return of the market portfolio, E(R), standard deviation of returns of the market portfolio, V ol(R), expected risk free rate, E(rf ), standard deviation of the risk free rate, V ol(rf ), average price consumption ratio, Ave(PC/100), and Sharpe ratio of the market portfolio, SR. and French (1997) provides an estimate of the standard deviation of the "true" beta using the procedure used by these authors. Under the assumption that the sampling error associated with the market betas is uncorrelated with the true value of the beta, the variance of the rolling regression beta,β rolling-regress. t
, is the sum of the variance of the true market beta and the variance of the estimation error and thus
The column under the heading θ 
where R i t+1 and R M t+1 are the excess return on industry i and the market between t and t + 1, respectively, and Idx
U p t and Idx
Do t
are indicator functions of whether the aggregate equity premium is low or high, that is whether times are good (Up) or bad (Do). As proxies for the aggregate state of the economy we consider (i) the market price dividend ratio, with Idx where R i t+1 and R M t+1 are the excess return on industry i and the market between t and t + 1, respectively, and Idx
U p t and Idx
Do t
are indicator functions of whether the aggregate equity premium is low or high, that is whether times are good (Up) or bad (Do). As proxies for the aggregate state of the economy we consider (i) the market price dividend ratio, with Idx is an indicator function of whether the economy is in a high or low state and the cross sectional dispersion of relative share is high (Hi) or low (Lo). The high dispersion of relative shares as well as the good state periods are defined using the 50% percentile cutoff. The heading θCF -Cash-flow reports results where simulated returns are generated using θ i CF estimated from only cash-flow data. The heading θCF -Return reports results where simulated returns are generated using θ i CF estimated from stock return data. is the time series variance of betas estimated using a 20 quarter rolling regression, and σ 2 (ε t ) is the average variance of the residuals of the rolling regressions. The solid lines provide the 95 % confidence interval for the same statistic computed on 1000, 54-year samples of artificial data (the lower bound coincides with the zero axis). The parameter choices correspond to the case where θ i CF are computed using fundamental variables. Panel B: Same as panel A, but with parameter choices corresponding to the case where θ i CF are estimated by GMM using stock returns.
